High numbers of non-maturing, cultured Atlantic salmon that escaped after one winter in sea-cages ascended into fresh water in the Magaguadavic River, New Brunswick. Acoustic telemetry was used to investigate the movements and behaviour of 14 of these fish in the river over the natural spawning period. Four of the fish remained in deep, slow areas within 1 km of the dam, five moved less than 10 km upstream, and five moved no further than 17.5 km. They then remained at these sites for the rest of the study. Thus, all fish failed to reach the known spawning areas located further upstream. It is presumed that the limited movement of the cultured fish was related to their failure to sexually mature. Why these non-maturing salmon entered fresh water remains unanswered, but their residence in the river could have ecological implications.
Introduction
The Atlantic salmon (Sulmo s&r) aquaculture industry has rapidly expanded over the past decade in south-western New Brunswick. Over the same period, the occurrence of escaped cultured salmon in the Magaguadavic River has increased from 5.5% in 1983 (Martin, 1984) to 90% in 1994 (Carr, 1995) . One of the major concerns about the migration of escaped cultured salmon into fresh water is the potential impact on wild populations through behavioural, ecological, genetic, disease, and parasite interactions (Saunders, 1991 Bay (17 km from the mouth of the Magaguadavic River), after which a large number of cultured salmon, probably from this escape, ascended the fishway on the Magaguadavic River. The fish had been in the sea-cage for 16 months, and were expected to mature in 1995, as two sea winter salmon. This would be the typical reproductive pattern of the stock used by the industry.
This paper describes the movements and behaviour of escaped immature one sea winter (1SW) cultured salmon during a 3-month period in fresh water.
Materials and methods

The Magaguadavic
River originates at Magaguadavic Lake and flows 97.0 km to Pasamaquoddy Bay. A fishway is located at a 13.4 m waterfall at the head of the tide, where a hydroelectric dam exists. Above the dam, a headpond spans 17.5 km upstream to a second waterfall (Second Falls), over which salmon can pass at most water discharges. Most spawning habitat is situated in the upper two-thirds of the river. Spawning occurs from late October to mid-November. A more detailed description of the river is reported by Carr et al. (1997) . Following capture in a trap at the fishway, salmon were measured (fork length) and scale samples were taken. Cultured salmon were identified using external morphology and by scale analysis (Lund and Hansen, 1991) . Age was also determined from scale samples. All salmon in this study lacked the appearance of secondary sexual characteristics. Internal examination of gonads from a representative sample of 60 escaped cultured salmon confirmed that these fish were sexually immature.
Ultrasonic pingers (16 mm diameter x 65 mm length, 10 g in water, VEMCO V3 and V16 series), each with a unique pulse rate, were used to tag salmon. Pingers of this size are considered to have little effect on the movement or behaviour of adult salmon (Stasko, 1975; Heggberget et al., 1988) .
Pingers were inserted orally in five salmon, and they were also surgically implanted into the peritoneal cavity of 11 other fish for a comparison and to prevent pinger loss from regurgitation. The procedures were the same as those described by Carr (1995) . All the tagged salmon were 1 sea winter fish measuring 64.1 cm & 2.5 s.d. Following tagging the fish were held for 3 d to recover before release.
Fifteen salmon were released on 5 October 1994, and the pingers were monitored until 9 December. One of the pingers (C94-4) that had been surgically implanted was found in a tributary of the river on 25 October. The pinger was surgically implanted in the 16th salmon and the fish was released above the dam on 5 November.
The movements of tagged salmon past fixed sites along the river were monitored using omnidirectional hydrophones (VEMCO VH65) and receivers (VEMCO VR60) with data-logging capability and programmed to decode and recognize individual pingers. The detection range of these units was greater than 150 m, and was sufficient to detect any fish moving past that point in the river. Active searches for tagged fish were performed using a boat equipped with a receiver and hydrophones. Searches ceased after ice formed, and all monitoring units were removed.
The position of each salmon on each date, detected either from searches or monitoring, was plotted on National Topographical Series 1:50 000 maps and the distance upstream of the dam (i.e. from the release site) was measured from the map. Two fish were excluded from our analyses because the pingers were never detected beyond the release site.
Results
Nine salmon remained in the slow, deep meandering reaches of the river less than 10 km from the release site, and four of these fish never travelled further upstream than 1 km from the dam, swimming back and forth to the dam (Fig. la) . The other five fish moved upstream as far as Second Falls (17.5 km), where they moved among several pools and held positions until the end of the study (Fig. lb) . These fish remained at least 9.5 km from the dam, and they did not leave the river before it froze over.
Discussion
It is not known what motivated sexually immature cultured salmon to enter fresh water less than a month after they escaped from sea-cages. Previously, only maturing escaped cultured salmon have been reported entering rivers (Jonsson et al., 1990 (Jonsson et al., , 1991 Webb et al., 1991; Okland et al., 1995; Heggberget et al., 1996) . Anadromous salmon normally move into fresh water after the sexual maturation process is well established (Jones, 1959) and they stop feeding at that time (Anderson and Brimer, 1976 ). We did not determine if the escaped cultured salmon had stopped feeding in fresh water. If not, presence of a large predator could have implications for the wild salmon populations and for other fish species in the river.
Freshwater movements of sexually immature escaped cultured salmon in the Magaguadavic River were different from those of sexually mature wild adult salmon tracked during the natural spawning period in a previous study (Carr, 1995) . The cumulative distances travelled by the cultured salmon were about one-third of those of wild salmon (Table l) , primarily because the cultured fish did not move to the spawning areas but held positions in several pools relatively close to the estuary. Unlike the wild fish they failed to move back downstream after the spawning period. Other studies have shown that sexually mature escaped cultured salmon travelled to upper parts of rivers to spawn (Carr, 1995; Okland et al., 1995; Heggberget et al., 1996) .
The lack of juvenile experience within the river may have contributed to the limited movement observed for the escaped cultured salmon. Site familiarity learned as a juvenile is considered to be important for timing of river ascent and homing (Jonsson et al., 1990) . Anadromous Atlantic salmon rely on imprinting in fresh water to return to their natal river to spawn (Heggberget et al., 1988) . In contrast, salmon reared for the commercial aquaculture industry are transported directly to sea-cages, and they are therefore deprived of juvenile life and the downstream migration as smolts thought to be necessary for imprinting (Jonsson et al., 1990) . Sexual immaturity of the escaped cultured salmon was probably the main reason for their limited up-river migration, but the lack of juvenile experience within the river could also have been a factor affecting their behaviour. Their continued presence in the river could have important ecological implications. 
